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Efficient dissociation of gaseous non-covalent adducts of multiply charged DNA anions can 
be effected by infrared irradiation to yield minimal dissociation of the DNA molecular 
ions-far less dissociation than by collisional activation. Examples include removal of ad- 
ducted impurities from 100-mer DNA anions and removal of all 14 adducted molecules of 
1,4-diaminobutane from Mi5- to M17- of a 50-mer DNA. (I Am Sot Mass Spectrom 1996, 7, 
209-210) 
E lectrospray ionization (ES11 [I] is an unusually gentle ionization method, that makes possible the ionization of an adduct of multiple molecules 
not joined by covalent bonds to produce an ionized 
species whose mass corresponds to the sum of the 
masses of the adduct molecules. To exploit this phe- 
nomenon, many studies have compared the non-cova- 
lent binding tendency of such gaseous ions with the 
tendency of those found in solution [2]. However, 
non-covalent adducts from unknown impurities can 
seriously complicate the ES1 spectrum of a molecule 
used for study of its structure alone; adducts produce 
ions whose higher masses have no clear relationship to 
the molecule’s structure. Cationic adduction (e.g., Na) 
is an additional problem, especially for ES1 negative 
ions, but a variety of methods to minimize these 
adducts have been found [3]. However, both this and 
non-covalent adduction become more acute with in- 
creasing molecular size, as larger molecules in general 
are more difficult to purify and have more molecular 
sites for adduction. As a solution to the non-covalent 
problem, the addition of energy to the gaseous adduct 
ions should preferentially cleave the weaker non-cova- 
lent (versus covalent) bonds. For porcine albumin (67 
kDa)-a “sticky” protein-infrared multiphoton dis- 
sociation (IRMPD) [4] was found to be far more effec- 
tive than collisional activation to detach the non-cova- 
lent adduct impurities (which added > 1000 Da to the 
molecular mass) versus dissociation of the molecular 
ion itself [5]. However, the problem of unwanted non- 
covalent adducts of negative ES1 ions has not been 
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addressed; severely adducted molecular ions of a lOO- 
mer DNA molecule were reported recently [3e]. This 
IRMPD technique is extended here to ES1 of another 
lOO-mer DNA molecule. Sequence information derived 
from the resulting Fourier transform mass spectra is 
described separately (Little, D. P.; Aaserud, D. J.; 
Valaskovic, G. A.; McLafferty, F. W., to appear; here- 
after referred to as [LAVM]). 
The electrospray ionization-Fourier transform mass 
spectrometry (ESI-FTMS) system described previously 
([4-61 and [LAVM]) was used with infusion of a solu- 
tion (4 pm in 75% CH,CN, 0.01% piperidine; 1 
pL/min) of an A,,T,,CUG,, lOO-mer [LAVM] from 
the Cornell Peptide/DNA Synthesis Facility. Despite 
two high-performance liquid chromatography desalts 
to remove cationic adducts from the freshly synthe- 
sized lOO-mer [3e], ES1 only yields (Figure la) a broad 
hump from nz/z - 700 to 1100, with no resolved 
isotopic or charge state peaks, which indicates that the 
molecular ions are adducted heavily. “Boiling off” 
non-covalent adducts with collisional activation under 
a variety of conditions (not shown) reduces the 
adducts, but also causes molecular ion dissociation, as 
found for large proteins [5]. However, IR irridiation of 
the lOO-mer ions reduces non-covalent adducts to a 
minor role and yields isotopic resolution (Figure lb 
and inset) without appreciable covalent bond dissocia- 
tion. Combination of the data of all charge states by 
deconvolution [7] (Figure lc) shows the extensive cati- 
onic adduction is still present. Despite this, the experi- 
mental mass of the nonadducted ions (30,824.O Dal 
is in good agreement with the calculated M, value 
(30,825.l Da). By using ESI-FTMS for sequence verifi- 
cation, this M, value easily would rule out, for exam- 
ple, methylation (+ 14 Da> or a base switch (e.g., T + 
A, Am = 9 Da). However, even after non-covalent 
adduct reduction, measurement of M, of these cation- 
Received October 3,1995 
Accepted October 26,1995 
210 LITTLE AND MCLAFFERTY J Am Sot Mass Spectrom 1996, 7, 209-710 
a 
-,,,,, 
30800 --sGG 
Mass /Dal 
Figure 1. Negative ion ESI-FTMS spectra of a 100-mer DNA (al 
before IR irradiation and lb1 after ZOO-ms IR (inset: M” - region). 
(cl Deconvolution of spectrum (b). 
ated ions by using conventional instrumental resolving 
power (5 10”) would give a centroid value - 30 Da 
high; this would be completely misleading for identi- 
fication of such minor mutations. 
Testing this with known impurities, addition of 
0.05% l+diaminobutane (DAB; M, = 88.10 Da) to a 
solution of a 50-mer A,,T,,,C,,G,, DNA [LAVM], re- 
sults in an ESI-FTMS spectrum with peaks separated 
by 88.1 Da (Figure 2a). An increase in the NS potential 
difference only partially removes these adducts before 
creation of fragment ions (spectrum not shown). How- 
ever, IRMPD does remove DAB effectively (Figure 
2b-d); the 17-ms irradiation necessary for nearly com- 
plete removal shows only a minor amount of base A 
loss, the lowest energy dissociation process [LAVM]. 
The sensitivity is also increased manyfold by this sim- 
plification of the spectrum. Note that the degree of 
adduction increases with decreasing negative charge, 
as found for cationic adducts of multiply charged 
nucleotide anions [3c]. 
Routine use of IRMPD to attempt to simplify ES1 
mass spectra without causing dissociation of either 
molecular anions or cations should be especially valu- 
able for unknown large molecules, which include DNA, 
and for instruments of limited resolving power. 
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Figure 2. Partial ESI-FTMS spectrum of a 50-mer DAN ~ILIS 
0.05% (by weight) diaminobutane, after (a) 0, tbl, 7, (cl 12, and 
IdI 17 ms of IR irradiation. 
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